ABSTRACT
INTRODUCTION
Energy market is directed strongly towards renewable energies. The facts of running out of conventional fuels like coal and oil beside the high rates of CO2 emissions have forced many countries to concentrate their research and future power generation planes in the field of clean renewable energies. That's why there is a great increase in the utilization of renewable energy sources such as wind generators, photovoltaic arrays, fuel cells and etc. Companies and governments are always seeking for the renewable energies of the cheapest and easiest installations and operation methods, especially wind and solar energies. There are many isolated islands in the world and the power needs everywhere. [1] A microgrid can involve a wide range of energy sources. In an islanded operational, the key control issues include: voltage and frequency control, active/reactive power control, and the load-sharing control [2, 3] . Moreover, wind velocity is a highly stochastic component which can diverge quickly. As the generated output power of the wind turbine system is proportional to the cube of wind speed, any deviation in wind velocity will cause a high fluctuation in the generated wind power. The power fluctuation may lead the frequency fluctuation and voltage flicker inside the power system [4] .thus,there is a need of energy storage system which its purpose is to save energy during times when energy is plentiful and return it at some urgent times when energy is lacking. So it is necessary to install energy storage system in distribution network, which can improve power quality and supplying reliability of system. In Table 1 The Flywheel energy storage system system is superior to any other energy storage system in that it has high efficiency, long life, inexpensively maintained, large energy capacity and no pollution to the environment. Also it is very fast in reaction and effective due to its moment inertia. Power electronic devices have capacities to be integrated with FESS . The successful application in power electronics is due to the evolution of silicon voltage source converter (VSC) technology. Flywheel storage integrated with solar Photo Voltaic (PV) and wind farm is one of the most beneficial approaches of providing solutions to existing network. Storage devices are capable of assisting in the distributed generation power which can be useful in implementing renewable energy to power systems and also facilitate the implementation of smart and micro grids. Such DC systems generation need to be combined with DC/AC conversion using a suitable means of power electronics commutations [5] .
FLYWHEEL ENERGY STORAGE SYSTEM
After a major improvement in technology and power electronics, flywheel energy storage system (called 'FESS' hereinafter) has come around again and has been a promising alternative to traditional battery [6] . FESS is a kinetic energy storage device storing energy in a rotating rotor. The amount of energy storage depends on the mass, flywheel shape, and rotational speed of the rotor. FESS or also called electromechanical batteries are typically comprised of the rotor, motor/generator, power electronics, controllers and bearings. In motoring mode Stockholm, 10-13 June 2013
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flywheel is speeded up to store rotational energy and is slowed down to release energy in generating mode by a motor/generator system. The FESS is superior to any other energy storage system in that it has high efficiency, long life, inexpensively maintained, large energy capacity and no pollution to the environment. Also it is very fast in reaction and effective due to its moment inertia. The kinetic energy stored in a rotating mass is:
Ek=½Jω ² ( J= x²dm (2) where x is the distance of the differential mass dmx from the axis of rotation.
This equation (1) shows that high angular velocity is more important than mass to achieve high stored energy, Because the flywheel energy is proportion to the square of the rotating speed, light mass, high-speed units can be designed to provide high energy density [8] .
To answer the question "why we prefer to use FESS instead of battery?" it should be mentioned that the battery system is suitable for power compensation with relatively long period like load leveling. However, since rapid response is necessary to compensate power variations in an small periods( less than second), the battery system may not be appropriate because charging or discharging speed of the battery is not so fast due to its chemical process. Moreover, the same capacity of electronic power converter as that of the battery power rating is required. In addition life time of battery is, in general, not so long and thus frequent replacement of battery cell will be needed. Also, the state of charge of a FESS is readily determined from its rotational velocity. Determining the state of charge for an electrochemical battery is more difficult. These characteristics cause increase of cost. On the other hand, the application of FESS for power compensation is very effective. It can operate equally well on frequent shallow discharges and on very deep discharges. This type of load variation is usually challenging to batteries because the combination of low-and high-power loads makes their design difficult to optimize. Fig.1 shows a model configuration of FESS. The FESS consists of the Permanent Magnet Synchronous Machine , the flywheel mass for kinetic energy storage, and speed control circuit.
SYSTEM MODEL

Configuration of FESS
Fig.1. FESS circuit configuration
Power interface
The power interface includes the motor/generator, a variable-speed power electronics converter,and a power controller. The motor/generator is usually a high speed permanent magnet machine, integrated with the rotor. This is usually known as an integrated synchronous generator (ISG) [7] . Permanent magnet synchronous machine (PMSM) has become the most usual choice for FESS due to its high efficiency. PMSM has no rotor losses ,thus suitable for confinement in vacuum .permanent magnet machines also typically have a high power/weight ratio when compared with other machines.In orther to achive high power levels these designs typically use magnates with high energy products, such as neodymium -iron-boron. The so-called Hallbach array for the permanent magnets allows eliminating all the iron losses at expense of lower magnetic flux and thus lower power. (PWM). Additional LC-based filters may be needed to connect inverter and electrical machine. This would be to supply sinusoidal currents without ripple into the machine and thus reducing losses, windings deterioration and EMI . The rotor-side converter is controlled to make the electrical machine behave as a generator or as motor according to the instantaneous necessity. Higher switching frequency reduces the electrical machine current and torque ripple and increases control bandwidth, but at expense of increasing switching losses. In order to connect the FESS to an AC grid, another bidirectional power converter (DC/AC), working as a rectifier, is necessary. Most of the times another three-phase bridge of semiconductor switches is used with a capacitor acting as DC-link , see Fig 2, This rectifier allows supply/retrieve active and reactive power to/from the AC grid with sinusoidal currents. Higher switching frequency reduces current ripple, easing the connection filter design, and increases control bandwidth. Various losses in the system, including bearing losses, and electrical losses (stator losses, power converter losses), contribute to the overall conversion efficiency. The power electronics switching losses usually dominate the total losses, and the overall efficiency is a function of power . In this paper, The nine-switch inverter is proposed as dual output Inverter. The proposed nine-switch inverter is composed of two conventional inverters with three common switches. The extra voltage available for a given input dc-voltage, translates to a higher torque-a critical factor for defining the capacity of products in market place [9] . Also, in order to further reduce the cost of power devices and also thermal heat effect, and to reduce the number of semiconductor switching, this inverter is used in this study
A method of frequency stabilization by using FESS
The main objective of the grid-side converter is to control the power flow between the ac system and the dc link powered from the renewable resources. It offers several advantages such as bidirectional power flow capability and low distortions at the ac side current and the dc side voltage. Another promising feature is that it can independently control the active and reactive power exchanged with the ac network; therefore, it can improve the voltage profile, and is able to operate in weak ac systems. These advantages make the VSC a successful solution for grid integration of smallscale renewable energy sources. To regulate the frequency and exchange power with the grid, and at the same time, reduce the harmonic distortions in the ac current, different current control structures have already been proposed, such as current hysteresis control [10] .
Reference of active power output of FESS, Pref, is determined according to the deviation of network frequency,which is detected by PLL at the terminal of FESS. When the frequency 
SIMULATION RESULTS
Dynamic simulation of hybrid system with a flywheel was implemented in MATLAB Simulink to study expected power quality. The Topology of six-bus power system in this paper is illustrated in Fig.4 . This system consists of three generation bus and three load bus There are four kinds of generation units, one wind generation unit and one photovoltaic generation unit, both located in bus 1, and 2 thermal units located in buses 2, 6 respectively. Wind turbine generator system use a doubly fed induction generator (DFIG), and all system generation/demand inputs including wind speed, sun radiation and load points are real data of IRAN grid.. Parameters of generation and load units have been illustrated in table 2 and table 3 , respectively. Also there is a Flywheel energy storage system (FESS) at bus 1, to regulate system frequency. Generation units supposed to meet the demand to have a stable power system. In addition, small power system is connected to large power network (infinity bus), although it is assumed that the isolated island can operated independently. Stockholm, 10-13 June 2013
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As mentioned before, this kind of system ,naturally suffer from frequency fluctuation, as told, the solution is to use storage energy to inorder to regulate frequency , which FESS Is used in this case. 
Conclusion
The power electronics switching losses usually dominate the total losses, and the overall efficiency is a function of power . In this paper, The nine-switch inverter is proposed as dual output Inverter. Also, in order to further reduce the cost of power devices and also thermal heat effect, and to reduce the number of semiconductor switching, this inverter is used in this study. Simulation results shows the effectiveness and robustness of proposed method for application of Flywheel energy storage system in power grid, in presence of renewable energy resources.
